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I Introduction

Pion-imiuccd double-charge-exchange (DC.X). (r+, r- ), has generated a considerable

amount of theoretical and experimental work[l],[2] since the pion factories began

operation. D~pit~ the considerable work on Dc~ in the region of Lhe (3,3) rcsonancc.

there appears to be greater understanding O( the DCX reaction at 50 M~V incident

pion energy [3],[4],[5] where the work is much more recent than in the 120 to 300

M(.V region. This i% in part due to the many possible mechanisms that appear to

cent ribu te around the rcsonancc whereas at the lower energy the reaction s-ins tu

be dominated by the sequential mechanism - althollgh spin-flip must hc taken into

account.

The original reason for excitement at the results for lower cnergim was the ob-

scrvatiou that, although the single-charge rxchange (SC’X) zero degree cross section

vvM small, the double-charge-exchange (DCX ) zero degree cross section is relatively

Iargci This generated hope that one was observing eikcts of exotic phenomena such

as six-quark hags[6] or exchange currents[7]. [!nfortunatcly, the initial hopes hav~

hem frustrated Imcausc the sequential DCX process-in which the incident m+ cha-gc

cxchangm on a neutron and the resulting To subsequently unclrrgoes a charge Px-

changr m A swond neutron. Fig. 1 has an appreciab]c cross mction. Although tlw

.Y-and p waw r.N intwactions approximately cancel at 50 \!eV ami conspir~’ to give

a wnall zmo dcgrcr cros~ swtion, there is an appreciable SC)( mm wwtion at hqcr

anglm via sin-flip. onr ran thum get an appmciablr wro dcgrm 1)( ‘X mm wrtion

hy f vvo surctwivc” S( ‘X rfmrtion~ through Iargr anglm. ‘i’tm voxs wrtim ralrlllatwl

fr[ml sIIrh a I)rrmw is rollgl~ly uf LIIfIvxpprimelltally Aerwd v;dIIr and. htmw. it iw

tlillic”lllt 10 Pxt rart ;uly firlll widonr(~ for more motir t’ffm.t~,

\\:il h t I r’ rwwt. dwlIt cjf 1)( ‘X nt I,AIII}l; at mmgiw III) to 5.50 \lIIV hN wrll

m t lIf’ illmlillmlt ptmsil~ilily of I)(”,X d mm highm morgiw nt Klll(, it. iti of intmwt

10 f’xpl(m t III’ Ilalllrc’ [If llw inlmarl itm nt t IIWWIlighvr rmqiwm With n shortvr

II{”Ilrllgli(’ W,IVISlm@ h I II(I I)ion sh{~lllfl ill prinrildc’ Iw lmwv wnsiliw’ It) I.lw AN

r;lllgf’ 11(’tnils IJ III(” H’;IC1 ion: thus it Illight lw ]~{mildt’ 1.0 Ill(m” rosily ilivvst i~alv
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Figure 1: The sequential mechanism for pion-induced double charge exchange. In

this work we assume ~he interrrwdiate particle is a r“ although other neutral mesons

could be allowed. .

two nucleon correlations at these encrgiea, At higher energies the TN cross section

becomes very forward peaked. Thus, were there an energy for which the elementary

~N S~X amplitudm were small, it would be quite unlikely (but not impossible) for

there to be appreciable contributions to DCX through two successive SCX reactions.

It ha% also Im=n frequently pointed out that above the (3,3) resonance. other rN

resonances appear, each having unique effects on the spin ~nd isospin properties of

the ~N interaction, What are the effects such remnances have on predicted DCX

rrow wet ions?

III thr calcul~ticms reported here, we shall ronfirw cmrsrlf!l In a discussion of thr

srcllwnt ial mmhanisrn - figurr 1, This is ttw ~inq)lost - and nwny from tlw (3,3)
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11 Formalism

:1

As one moves into unfamilar territory, one wishes to employ models that have a min-

imum number of free parameters, are readily open to interpretation, provide physical

insight and - last, but not least – are reasonably reliable. We shall use the Glauber

mo.iel, which has the additional advantage of being microscopic, yet has been found

to provide reliable estimates of cross sections at resonmce energies. At the pion en-

ergies with which we are dealing, the pion is Ias strongly absorbed and details of

nuclear structure will be important .1 Our version of the Glauber model[12] allows

the explicit use of shell modei wave funct ‘mm. With increming pion energies, the

model should be more accurate as the rN cross section becomes increasingly forward

peaked. Finally, the effects of higher partial waves may be explicitly included.

The amplitude for (r+, m-) (or, with appropriate interpretation of the wave func-

tions, any hadronic reaction) on a nucleus of A nucleons in the Glauber approach

nwy be wriltrn M

(II-1)

.
whine b w the impart parameter. k the incident pion momentum, ~ = ~ – k’, and 1’

is the pmfilc function

r(L.i? =&-d%
.

il; whith J is thr lmsition of thr hound nuclmm.

fr(nll t lw 7rX amplill Id(B:

A(q) = f(q) + i.q(q)~ it ([1-:1)

wllmr

h(q) =: W(q) + (; , H+’’)(q) . (11 -4)

‘ II IIM IIWII kw)wn for m Ilrrmlr[ 11] t ho rnlrul~t~’tl I )(‘X rrlmn nerti(mm it) t ho rwmmro rr’gum
;1 w.r~ WSIISIIIVI. tII Ilrlm]s .If nurhr mtrllrturr
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and similarly for ~ and g. In 13q. (II-4), the superscripts s and v refer to isoscalar

and isovector, respectively. The operators O and r are isospin operators for the pion

and nuchmn, respmtively. The ~N amplitudes h(q) are calculated using the usual

partial-wave expansion. The non-spin-flip amplitudes are obtained from

and the spin-flip amplitudes are

The rN phase shifts

analysis[13]. The ~N

/’ of .5.

1

and inelasticity parameters used are those of Arndt’s 1987

amplitudes were calculated including patial waves up to an

The operator appearing in (II-1) may be expanded as

(11-5)

Since at least two scattering are required for DCX, the first term on the right of eq.

( 11-.5) does not contribute. Rather than sum the full seri= (which is finite), when

(evaluating this operator for inel=tic scattering wc make use of a simple property of

dt-trrnlil~auts to t=valuatc the expectation value. Since the operator in Ilq. (11-I ) is a

product o{ A onetmdy operators, if the shell model wave functions are determinants,

I Iwll the Evaluation of I?q. ( 11-I ) rduces to the evaluation of an A x A determinant,

‘1’hr calculation of Kq. II-1 reduces to the evaluation of a sum of A x A drtcrnlinants:

antisymnwtry is thus cxpliritly included. IIy Ilsing ttw (;liwgow Ad! l~d~i code, thr

wtivc fllllrlions are natllrally rxprrssml in a SIIIII of Slatcr d(’t.rrminants, and Ilrnw,

alltisylllnwl ry is explicitly included. ‘1’lw antisymm(’tric nurlcar wavr fllnctions for

‘4(’ all(l “0 w(~rr 01)(aiilml Ilsillg ( ‘[)hfm-Kllrattl lrlatrix vlcllwnts [14],

lltmf’v(’r, llim~ is n {Sollll)licat i(m t)lat ari:ws wll(’r] cllarg(~-t’x(.tlarlg(” is all{jwcfl 1()

[wrllr. ( ‘lf’iirl~, I II(’ illt.f’rlllf’(liilt(~ m“ ran”t sf-attm ofr a Illlf’l(w)ll Illlt,il it 11;1SI)W’11 crratfvl

t tlrl)llgl~ ;111c;lrli(’r rll;~rg(~(lX(”lldlllg(S:a sillli];ir sl;lt(’ll)f’111il[)j)li(’Sto t.11(’T , ‘l”llllsl Illfw
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must be a time ordering implied. In the small angle approximation, this is equivalent

to:

A

One can easily demonstrate that if the rj commute, one

time ordering and one can simply use eq. (II-1). In general

needn’t worry about

one dots not have

the

[1’i,.rj] = O, 2 #j

because the piml isospin operator ~ does not commute with itself. However, there is

no difficulty in the leading order term since both d operators are necessarily lowering

operators which do commute. [Obviously, since the time ordering was introduced

simply to ensure a To is creatd before the r-, difficulties will only arise in higher

order terms. ] Since the isoscaler parts of the operator mutually commute, one can

ignore time ordering if one retains the isovector only for the second order term. In

this approximation one has:

It should he remarkmi that the lack of commutativity is independent of whether

spin-flip is includml.

III Results

Ass~lnling the 1987 phaw shift analysis of Arndt, [1f]] around 1225 MvV isovm-t.or d

an(l J iirllpiitudm rancol thr g and h amplituhw, The resulting lq(l[x+, T“)14N rrow

srrtion is riilr IIlatr(l to hc I ml) rmmpart=d with 4 mb at 800 McV anti a mmw~lrm{

vald (Jf al)proxinlatciy 4 IIIb at !jOOMcV. (TIN’ ftmdel uwd for this calculntiol] is

that tlrscrilml ill li(’fs. [11] an(l [12] with a gw]malization to incliid,~ llmrt~ part id

wavm, )
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Figure 2: The calcdated zero degree cross section

“c(m+,7ro)l’f’v. Cohen-Kurath wavefunctions and all

eluding 1 = 5 were used.

for singl~charge exchange
partial waves up to and irl-

The calculated SCX angular distribution for an incident pion energy of 1.2 GeV is

shown in Fig.2. The reaction is forward peaked and, as discussed above, this makes

it unlikely that two large angle x.N reactions will give an appreciable contribution to is this re/e-

the zero degree I)CX cross section.
vant ?

The zero degree excitation function for “C(rt, m-) ’40 is shown in Fig. 3. One

observm a very dcwp minimum around 1225 MeV. The calculated cross section of

10-1 nb/sr is lCS times smaller than that at 600 MeV. This is much smaller than

experimentally dctectat.de. / wish to

include tbr
Tlw CIauber model should be quite accurate at these energies. Ilcnce, the ex- ~,flectq

,,

perirnmtal observation of DCX around this energy would be of great interest and of Splk -flip,
hut

wouhl imply contributions from processes other than the conventional, successive
Ii(d

(;amow-
nmchanisrn. T}m double A nwchanism is not appropriate for this region. Among the ‘Mkr.

ottmr p(mit]le contributors are six-quark hags,meson-exchange currents, successive

S( ‘X rrartions procwyling throllgh a p, spin-flip and many others. If t Im six-qliark

I)ag Ilw(-hanislll wmc rmlghly in(lrpmd(wt of mwrgy, thml tlw approxin~at.dy 4 1111)/sr
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Figure 3: The calculated zero degree cross section for 14C( r+, r- )140 from 300 to
1200 lfeV pion kinetic energy. Cohen-Kurath wavefunctions and all partial waves up

to and including 4 = 5 were used.

cross section calculated assuming a six-quark bag for a pion incident energy of 50

Me\r would be - for an incident energy of 1200 MeV - four orders of magnitude larger

than that due to the successive mtxhanism.
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